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Gentlemen: 

T h i s  i s  the  f o u r t h  p rogres s  r e p o r t  on the development of  
macroscopic  waveguide components f o r  o p t i c a l  s y s t e m  D e i r g  performed 
for the  Na t iona l  Aeronaut ics  and Space Adrnin is t ra t ion  (NASA) oy 
Wheeler L a b o r a t o r i e s  (WL) undei, c o n t 7 a c t  NASw 888. T h i s  r e p o r t  
cevers t h e  xsf i tns  sf Xay ar,d June 1964. The ~ v e r > a l 1  c = J e c t i v e s  sf 
t h e  c u r r e n t  c o n t r a c t ,  t o  b e  completed oy 1964 NOV 2 8  as  d e s c r i u e d  
i n  Ref.  1, a re :  (1) t o  determine the f a c t o r s  a f f e c t i n g  the d e s i g n  
and fak, i . icat ion of  macroscopic  waveguide and waveguide components, 
( 2 )  t o  i n v e s t i g a t e  s p e c i f i c  conf'iguiaations i n  oi-der t o  deve lop  
p r a c t i c a l  ccjncepts for component d e s i g n ,  and ( 3 )  to under t ake  a c t u a l  
component fab : , ica t ion  and t e s t i n g  to prove t h e  f e a s i b i l i t y  of t h e  
d e s i g n  concep t s .  

Work Pei.formed During Curren t  Month. 

The i n i t i a l  phase of t h i s  program, was completed 1964 
MAY 2 8 ,  a n a  involved  t h e  fo l lowing  tasks: (1) an a n a l y s i s  o f  
p r o p a g a t i o n  i n  d i e l e c t r i c  waveguides,  ( 2 )  a su rvey  and s t u d y  o f  
material and f a b r i c a t i o n  t echn iques  r e q u i r e d  for c o n s t r u c t i o n  of' op-  
t i c a l  components,  (3 )  exper imenta l  t e s t i n g  o f  t h e  waveguides con-  
s i d e r e d  s u i t a b l e  for component f a b r i c a t i o n .  The work of t h e  i n i t i a l  
phase i s  d e s c r i b e d  i n  t he  fo l lowing  i n t e r i m  r e p o r t :  Report  1 2 0 9 ,  
"A Macroscopic Waveguide Medium for Laser  System Cumpon>ents", 
1964 JUN 10. The second phase of t h e  program which was i n i t i a t e d  
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i n  June  i n v o l v e s :  (1) a s t u d y  and performance a n a l y s i s  of component 
c o n f i g u r a t i o n s ,  ( 2 )  d e s i g n ,  f ' a b r i c a t i o n  and t e s t i n g  of c e r t a i n  
components.  

A .  A n a l y s i s  of  Waveguide and Waveguidc ponen t s  . 
An a n a l y s i s  o f  a m e t a l - b i s e c t e d  waveguide,  which i n c l u d e s  

t h e  e f f e c t s  of t h e  f i n i t e  c o n d u c t i v i t y  of t h e  metal, has shown t h a t  
p r o p a g a t i o n  i s  fundamen ta l ly  d i f f e r e n t  t h a n  w i t h  a p e r f e c t l y  con-  
d u c t i n g  metal .  The r e s u l t s  of t h i s  s t u d y  a re  p r e s e n t e d  i n  t h e  
i n t e r i m  r e p o r t ,  Ref .  5; t h e  s i g n i f i c a n t  r e s u l t  i s  t h a t ,  c o n t r a r y  
t o  ;EJhat was p i $ e v i o u s l y  b e l i e v e d ,  p r o p a g a t i o n  i s  i d e n t i c a l  f o r  bo th  
p o l a r i z a t i o n s  (TM and TE modes).  

A xaveguide  d i r e c t i o n a l  c o u p l e r  c o n s i s t i n ;  o f  two p a r a l l e l  
d i e l e c t r i c  s l a o  waveguides h a s  been a n a l y z e d .  For 3 d o  (ha l l -powei  ) 
c o u p l i n g ,  a coup l in ;  r e g i o n  o f  0.67'' i s  L'equired w i t h  a waveguide 
s e p a r a t i o n  or' 1/3 core " i i d t h .  

A b r i e f  i n v e s t i g a t i o n  of  waveguide oends has Deen made. 
A minimum r a d i u s  o f  c u r v a t u y e  o f  a b o u t  30 i n c n e s  i s  o b t a i n e d  foi? a 
t y p i c a l  ; laveguide.  

The p o s s i b i l i t y  of c o n s t r u c t i n g  a n  o p t i c a l  modu la to r  
w i t h i n  t h e  waveguide medium, by u t i l i z i n g  the  e l e c t i * o - o p t i c  e f f e c t  , 
i s  b e i n g  s t u d i e d .  

B. Survey  and  S t u d y  o f  Waveguide C o n s t r u c t i o n .  

A s  r e p o r t e d  p r e v i o u s l y ,  t h e  s t u d y  of' v4aveL;uide c o n s t r u c t i o n  
has b e e n  d i v i d e d  i n t o  t h ree  pa r t ; :  (1) conf igu ra t io r i ; ,  (2) i'a.uriica- 
t i o n  t e c h n i q u e s ,  and ( 3 )  riaterial;.  Dui3in& t h i s  pe i . iod ,  . s e v e r a l  nebw 
n a t e r i a l s  have oeen purchased  a s  p o z s i b l e  waveguide media.  Tneae 
i n c l u d e :  (1) Corning Mici>osheet glass slaDs for u s e  as s o l i d - c o i . e ,  
l i q u i d - c l a d d i n g  vdaveguide, ( 2 )  two ground and p o l i s h e d  5 i n c h  lon; 
g l a s j  s labs  ( w i t h  one mirr'or2ed s u r f a c e )  f o r  t e s t i n g  o f  l o n g e r  wave- 
g u i d e s  o f  o o t h  tile o r d i n a r y  and Disected-slab con i ' i gu iaa t ion  and 
( 3 )  Genera l  E l e c t r i c  f 'used q u a r t z  r o d  and t u b i n g  f o r  t e s t i n g  01' 
waveguides of c i r c u l a r  c o n f i g u r a t i o n .  

A s t u d y  o f  v a r i o u s  t e c h n i q u e s  for c o n s t r u c t i o n  of' a n  a l l  
s o l i d  waveguide has been i n i t i a t e d .  Such p r o c e s s e s  as chemica l  
d i f f u s i o n  and  l e a c h i n g  appeal '  pilomisin&. 

C .  Expe r imen ta l  T e s t i n g .  

Dur ing  t h e  i n i t i a l  phase of this  program, t he  e x p e r i m e n t a l  
t e s t i n g  was d i r e c t e d  towayd a c o r r e l a t l o n  o f  t he  expeiaimental  p ropa -  
g a t i o n  c h a r a c t e r i s t i c s  o f  macroscopic  o p t i c a l  waveguides wi th  the  
t h e o l ' e t i c a l  c a l c u l a t i o n s .  I n  g e n e r a l  , s u f ' f ' i c i e n t l y  c l o s e  agreement  
has oeen o b t a i n e d  t o  conl ' i rm t n e  method o f  o p e r a t i o n .  F u r t h e r  t e s t -  
i n g  of waveguides i s  d i r e c t d d  toward i o u t i n e  t e s t s  of t he  s u i t a b i l i t y  
of v a r i o u s  matei.ial3 atid c o n f i d u r > a t i o n s  as waveguide media f o r  
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compunent f a b r i c a t i o n .  I n  o r d e r  t o  f a c i l i t a t e  these t e s t s  a 
p a t t e r n  range  has w e n  implemented which can  a u t o m a t i c a l l y  r e c o r d  
a p e r t u r e  f i e l d  and r a d i a t i o n  p a t t e r n s .  

A b i s e c t e d  s l a b  waveguide has been e x p e r i m e n t a l l y  eva l -  
u a t e d .  T h i s  c o n f i g u r a t i o n  i s  c a p a o l e  of p r o p a g a t i n g  as  a s i n g l e  
mode g u i d e ;  however, t he  c h a r a c t e r i s t i c s  o f  uo th  p o l a i 3 . z a t i o n s  
a re  i d e n t i c a l  oecause  of  t h e  f i n i t e  c o n d u c t i v i t y  of the  metal 
(aluminum) wall, as mentioned e a r l i e r .  

T e s t s  o f  a s o l i d - c o r e ,  l i q u i d - c l a d d i n g  s lab  waveguide 
composed of m i c r o s h e e t  g lass  c0i.e w i t h  ch lo rooenzene  c l a d d i n g  have 
i n d i c a t e d  t h a t  tile nomogeneity 01' t h i s  g lass  i s  n o t  s u f l ' i c i e n t  for 
o p e r a t i o n  as a s i n g l e  mode #vdVeguide. Purchase  o f  slabs of  b e t t e r .  
q u a l i t y  glass  i s  p l anned .  

Tests  o f  c i r c u l a r  waveguides made o f  q u a r t z  rod  and  t u b i n g  
have been p a r % i a l l y  s u c c e s s f u l .  Tne q u a r t z  t u u i n g  i s  f i l l e d  w i t h  
a l i q u i d  ( C i n e o l e )  which c l o s e l y  matches t h e  index  of r e f r a c t i o n  
o f  t h e  q u a r t z  and t h u s  forms a l i q u i d  c o r e  waveguide. S i n g l e  mode 
o p e r a t i o n  of t he  t u b i n g  i s  possiole; however t h e  c o n f i g u r a t i o n  i s  
n o t  c o n s i d e r e d  a d a p t a b l e  t o  component d e s i g n .  R e s u l t s  o f  t e s t s  o f  
t he  q u a r t z  r o d ,  l i q u i d  c l a d d i n g  waveguide i n d i c a t e  a v a r i a t i o n  i n  
i n d e x  o f  r e f r a c t i o n  o f  t he  q u a r t z  which produces  a n a t u p a l  g u i d i n g  
o f  t h e  wave, w i t h o u t  c l a d d i n g .  However, the  wave a p p e a r s  t o  oe 
bound t o o  t i g h t l y  t o  t h e  c e n t e r  of' t he  rod  t o  pe rmi t  u s e  as a 
coup le I.. 

T,iz 5" long  g l a s s  p l a t e s  o P t a i n e d  du r in ,  t h i s  p e r i o d  are  

c a l l e d  a s p a t i a l l y  c o h e r e n t  d e t e c t o r  (ReL' .  2 1 ) .  T h i s  d e v i c e ,  wnlch 
c o n s i s t s  of  a l e n g t h  o f  o p t i c a l  waveguide i n  front 2 f  a photo- 
m u l t i p l i e L - ,  w i l l  b e  u s e d  t o  measure r a d l a t i o r ?  p a t t e r n s  w i t h  greatei .  
a c c u r a c y  t h a n  w i t h  a p h o t o m u l t l d l i e r  a l o n e .  

hninrF ubLl l lg  zsed LO e x p e r i m e n t a l l y  ess lua te  a component which has been 

D.  Confe rences .  

A c o n f e r e n c e  has been  p l anned  w i t h  R.  Chase and o t h e r  
NASA p e r s o n n e l  t o  review p r o g r e s s  on t h i s  c o n t r a c t ,  and  i s  t e n t a -  
t i v e l y  schedu led  f o r  August.  An agenda f o r  t h i s  meet ing  was p r e -  
p a r e d  and h a s  been s e n t  to N A S A .  

Work Planned for N2xt Month. 

During t h e  month o f  J u l y ,  i t  i s  p lanned  t o  c o n t i n u e  t n e  
e x p e r i m e n t a l  e v a l u a t i o n  of  d i f f e r e n t  t y p e s  o f  waveguides and  t h e  
d e s i g n  and performance a n a l y s i s  o f  c e r t a i n  components. 
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(1) 

(2) 

( 3 )  

Q u a r t z  s l abs  a r e  be ing  purchased and w i l l  be t e s t ed  a s  

The expe r imen ta l  e v a l u a t i o n  of t he  s p a t i a l l y  c o h e r e n t  

Var ious  t echn iques  f o r  f a b r i c a t i o n  of  comple te ly  s o l i d  

s o l i d - c o r e ,  l i q u i d  c l a d d i n g  waveguides. 

d e t e c t o r  w i l l  be  con t inued .  

waveguides and waveguide components will be i n v e s t i g a t e d .  Consul- 
t a t i o n  w i t h  o u t s i d e  pe r sonne l  In  t h e  f i e l d  of chemis t ry  and g l a s s  
f a b r i c a t i o n  i s  p lanned .  

f a b r i c a t e d  w i t h i n  the waveguide medium, i s  p lanned .  
( 4 )  An a n a l y s i s  of o p t i c a l  modula tors  and l a se r  o s c i l l a t o r s ,  

Pe r sonne l .  

The work on t h i s  p r o j e c t  has Peen c a r r i e d  on b y  
E. R .  S c h i n e l l e r ,  D .  W .  Wilmot and H .  M.  Heinemann under  t he  d i r e c t  
s u p e r v i s i o n  o f  H .  W. Redl ien .  Advice and g e n e r a l  d i r e c t i o n  has  
b e e n  provided  ~y H .  A .  Wheeler a n d  F. H .  W i l l i a m s .  

Re fe rences ,  
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